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SYSTEMAND METHOD FOR IMPROVING 
ACCURACY OF HIGHVOLTAGE PHASING 

VOLTMETERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. Not Applicable. 

FEDERALLY SPONSORED RESEARCHOR 
DEVELOPMENT 

0002. Not Applicable. 

MICROFICHEACOPYRIGHT REFERENCE 

0003) Not Applicable. 

FIELD OF THE INVENTION 

0004. The present invention relates to a high voltage phas 
ing Voltmeter to provide accuracy in measuring Voltages 
across utility transmission lines and the like. 

BACKGROUND OF THE INVENTION 

0005 Electrical power distribution systems often include 
overhead electrical power distribution lines mounted upon 
poles by a wide variety of mounting structure. Other distri 
bution systems include underground distribution lines in 
which protected cables run under the ground surface. It is 
often necessary to take phase-to-phase Voltage measurements 
across transmission lines while testing for induced or live 
power line or equipment. 
0006 Known high voltage safety line detectors, meters 
and testers comprise high resistance probes connected in 
series with a calibrated panel meter to read the Voltage across 
the phase-to-phase or phase-to-ground terminals. They are 
designed for use as safety tools by high Voltage line mainte 
nance workers to Verify the status of the line or equipment as 
nominal, induced or de-energized. Known devices for pro 
viding Such measurements include contact type and non 
contact type. With contact type a reference probe or transmit 
ter and a meter probe or receiver are connected in series with 
a cable as the loop is closed with load terminals. With the 
non-contact type each probe has a meter and the probes close 
the circuit through wireless means. 
0007 Accuracy of the meter readings is governed by the 
geometrical configuration of connecting the probes to trans 
mission lines or other high Voltage equipment, by environ 
mental conditions such as distance from nearby electromag 
netic fields, and by distance of the cable, meter probe and 
reference probe from the earth. Particularly, the measure 
ments are largely affected by the electromagnetic interfer 
ence, stray capacitance effect and coupling from the high 
Voltage fields that are present around electrical transmission 
lines. Also, the sensing elements add to inaccuracy due to 
uncertainty and tolerance on design and fabrication. All of 
these factors act as common mode errors in the meter circuit. 
Thus, the readings become highly inaccurate and measure 
ments are not suitable for usage. 
0008 Adequate insulation and safety must also be 
addressed in design of high Voltage probes. Any failure. Such 
as by short circuit, in the high Voltage resistance in the probe 
results in arcing and breakdown of insulation. 
0009. With these problems, the electrical line worker 
could be misguided on the status of the transmission line 
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while the lines are being maintained. Also, improper use may 
result in injury to electrical line workers and also damage to 
the high Voltage transmission line system. 
0010. The present invention is directed to improvements 
in high Voltage phasing Voltmeters. 

SUMMARY OF THE INVENTION 

0011. In accordance with the invention there is provided a 
high Voltage phasing Voltmeter providing accuracy in mea 
Surement and safety of operation. 
0012 Broadly, there is disclosed in accordance with one 
aspect of the invention a high Voltage phasing Voltmeter com 
prising first and second probes. Each probe comprises an 
insulated handheld shield Supporting an electrode for contact 
ing a high Voltage electrical conductor. The electrode is con 
nected in series with a resistor and a capacitor or a resistor 
potted in the tube. A meter comprises a housing enclosing an 
electrical circuit for measuring phasing Voltage. The electri 
cal circuit comprises an input circuit for connection to the first 
and second probes and an amplifier connected between the 
input circuit and a display. The amplifier measures Voltage 
across the electrodes to provide an indication on the display. 
0013. It is a feature of the invention that each shield com 
prises an elongate tube and wherein an inner Surface of each 
tube includes a conductive coating. The conductive coating 
may be electrically connected to a meter ground circuit. 
0014. It is another feature of the invention that the housing 

is integral with the handheld shield for one of the probes. A 
cable is electrically connected between the electrical circuit 
and the other of the probes. 
0015. It is a further feature of the invention that the ampli 
fier comprises a common mode rejection differential input 
amplifier. The amplifier may have unity gain. 
0016. In accordance with a further aspect of the invention, 
the electrical circuit comprises a range selection circuit 
between the amplifier and the display. The range selection 
circuit may comprise a variable gain amplifier circuit. 
0017. It is still a further feature of the invention that the 
electrical circuit comprises a battery powered circuit. 
0018. There is disclosed in accordance with a further 
aspect of the invention a high Voltage portable phasing Volt 
meter comprising a first probe and a second probe. Each 
probe comprises an elongate insulated shield having a handle 
portion at one end. An electrode extends from a distal end of 
a shield for contacting a high Voltage electrical conductor. A 
high impedance circuit in the shield comprises a resistor and 
a capacitor connection in series with the electrode. A meter 
comprises a housing enclosing an electrical circuit for mea 
Suring phasing Voltage. The electrical circuit comprises an 
input circuit, for connection to the first and second probe high 
impedance circuits, and an amplifier connected between the 
input circuit and a display. The amplifier measures Voltage 
across the electrodes to provide an indication on the display. 
0019. Further features and advantages of the invention 
will readily apparent from the specification and from the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 is a perspective view of use of a high voltage 
phasing Voltmeter in accordance with the invention; 
0021 FIG. 2 is a perspective of the individual components 
of the high voltage phasing voltmeter of FIG. 1 when not in 
use: 
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0022 FIG.3 is a block diagram of the high voltage phasing 
Voltmeter in accordance with the invention; and 
0023 FIG. 4 is an electrical schematic of the high voltage 
phasing Voltmeter in accordance with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0024. Referring initially to FIG. 1, a portable high voltage 
phasing voltmeter 10 in accordance with the invention is 
shown for measuring phase-to-phase Voltage between lines in 
a high Voltage transmission line system 12. The transmission 
line system 12 includes three conductors 14, 16 and 18 car 
rying high Voltage power of alternating current with each line 
being 120° out of phase with the other lines, as is conven 
tional. The voltmeter 10 may be used by a maintenance 
worker W for measuring phase-to-phase Voltage Such as 
between the electrical conductors 14 and 16 as illustrated in 
FIG. 1. The voltmeter 10 may also be used to measure other 
Voltages, such as phase to neutral. 
0025 Referring also to FIG. 2, the voltmeter 10 comprises 
a first probe 20, a second probe 22, a meter 24, a first electrode 
26, a second electrode 28 and a coaxial cable 30. 
0026. The first probe 20 comprises an elongate insulated 
shield 32 having a handleportion 34 at one end and a terminal 
36 at an opposite end. The terminal 36 is adapted to thread 
ably receive one of the electrodes 26 or 28. A coaxial connec 
tor 38 is provided in the handle portion 34, directly opposite 
the terminal 36, for receiving a first coaxial connector 40 of 
the cable 30. 
0027. The second probe 22 comprises an elongate insu 
lated shield 42 having a handle portion 44 at one end and a 
terminal 46 at an opposite end. The terminal 46 is adapted to 
threadably receive one of the electrodes 26 or 28. A coaxial 
connector 48 is provided in the handle portion 44, directly 
opposite the terminal 46, for receiving a second coaxial con 
nector 50 of the cable 30. 
0028. The meter 24 comprises a housing 52 integrally 
formed with the first probe handle portion34. The housing 52 
is frustoconical in shape including a bottom bezel 54 through 
which a display 56 is visible. The display 56 can be an analog 
display or a digital display, as preferred. 
0029. As shown in FIG. 1, the worker W can grip the 
handheld portions 34 and 44 to contact the lines 14 and 16 
with the electrodes 26 and 28, respectively. The meter display 
56 is visible to read the measured phase to phase voltage. 
0030 Referring to FIG.3, the meter 24 comprises an elec 

trical circuit 58. The electrical circuit 58 is present on a circuit 
board (not shown) internal to the housing 52. 
0031. The cable 30 comprises a conventional coaxial 
cable. This is illustrated schematically in FIG.3 with a central 
conductor 60 surrounded by a conductive shield 62. This is 
used for connecting the probe connectors 38 and 48, see FIG. 
2. FIG.3 also illustrates similar connections between the first 
probe 20 and the electrical circuit 58. However, as will be 
apparent, the connections between electrical components of 
the first probe 20 and the electrical circuit 58 are internal to 
the meter housing 52. Thus, FIG. 3 illustrates the circuit 
schematically, rather than with respect to hardware compo 
nents of the cable and connectors. 
0032. The first probe 20 includes a high impedance circuit 
64 comprising a high Voltage resistor 66 and high Voltage 
capacitor 68. Similarly, the second probe 22 includes a high 
impedance circuit 70 comprising a high Voltage resistor 72 
and high Voltage capacitor 74. 
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0033. The first electrode 26 is connected in series with the 
first probe resistor 66 and the capacitor 68. The second elec 
trode 28 is connected in series with the second probe resistor 
72 and the capacitor 74. The two series connections are elec 
trically connected to a biasing circuit 76. The biasing circuit 
76 is connected to an instrumentation amplifier circuit 78, 
followed by a range selection circuit 80 and a display circuit 
82 associated with the display 56. The amplifier circuit 78 
comprises a unity gain common mode rejection differential 
input amplifier. The range selection circuit 80 comprises a 
variable gain amplifier circuit. Power for the electrical circuit 
58 is provided by a battery supply 84, such as a conventional 
9-volt battery, connected to a power Supply regulator circuit 
86 developing +8-volt, -8-volt and battery ground. 
0034. The first probe 20 includes an elongate insulated 
tube 88 forming the shield 32, see FIG. 2. Similarly, the 
second probe 22 includes an elongate insulated tube 90 form 
ing the shield 42, see FIG. 2. A conductive coating 94 is 
applied on an inner surface of each tube 88 and 90, proximate 
the handle portions 34 and 44, respectively. The conductive 
coatings 94 are electrically connected using the cable shield 
62 and internal connections to a meter ground circuit defined 
by the battery ground. 
0035) Referring to FIG. 4, a detailed schematic for the 
electrical circuit 58 is illustrated. A terminal block J1 is illus 
trated for connection to the probe impedance circuits 64 and 
70. The terminal block J1 includes a terminal A for connec 
tion to the first probe impedance circuit 64 and a terminal C 
for connection to the second probe impedance circuit 70. A 
terminal B is provided for connecting the probe conductive 
coatings 94 to ground, as discussed above. 
0036. The biasing circuit 76 comprises resistors R3 and 
R4 connected in series across the terminal block A and C 
terminals. A center node 88 is connected to ground. The same 
terminals A and C are connected to the non-inverted and 
inverted inputs, respectively, of an instrumentation amplifier 
U1. The amplifier U1 may comprise a type AD620 low power 
instrumentation amplifier. A reference terminal is connected 
to ground with a potentiometer R13 operating as again resis 
tance. The amplifier circuit 78 provides high common mode 
rejection. The output from the amplifier circuit 78 represents 
the voltage difference between the probes 20 and 22. 
0037. The output from the instrumentation amplifier U1 is 
connected via a resistor R9 to the inverted input of an opera 
tional amplifier U2. The operational amplifier U2 may com 
prise a type OP177 ultraprecision operational amplifier. The 
non-inverted input is connected via a resistor R1 to ground. A 
potentiometer R14 is connected as part of an offset nulling 
circuit. Active range selection is provided by a range selection 
circuit 90 connected between the output and the inverting 
input to provide variable gain. The range selection circuit 
consists of a series combination of a Switch contact J3, a 
resistor R11 and potentiometer R10; in parallel with a series 
combination of a Switch contact J2, a resistor R2 and poten 
tiometer R8; and in parallel with a series combination of a 
switch contact J4, a resistor R7 and potentiometer R12. The 
output from the operational amplifier U2, which represents 
the amplified voltage difference between the probes 20 and 
22, is connected to a terminal block J5 which provides the 
Voltage output signal for connection to the display circuit 82. 
see FIG.3. Thus, the display 56 displays the measured voltage 
difference. 

0038. Each range is selected by closing one of the switch 
contacts J3, J2 or J4. The number of ranges that can be 
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selected and the precise values of the ranges are arbitrary and 
can be determined as will be apparent to those skilled in the 
art. The positions of the switches J3, J2 and J4 can be con 
trolled manually or electronically, as will be apparent to those 
skilled in the art. Which range is selected changes the gain of 
the amplifier80. 
0039. As described, the high voltage probes 20 and 22 
include high Voltage dropping resistors and capacitors in 
series to form each probe. The RC combination offers 
increased impedance and offers additional safety for any 
resistor failure and it reduces arcing effects. Inner Surfaces of 
the insulating enclosures of the probes 20 and 22 have a 
conductive coating 94 which is connected to ground to reduce 
the capacitive current variation. 
0040. The instrumentation amplifier circuit 78 comprises 
a unity following instrumentation amplifier with high com 
mon mode rejection to eliminate common mode parasitic 
noise effects, including stray capacitance, medium frequency 
harmonics at the high Voltage lines and uncertainties to 
unsymmetrical components in the probe. This provides active 
and robust compensation. The biasing circuit 76 and the 
amplifier circuits U1 and U2 are powered by a dual power 
Supply regulator 86 which draws negligible input power from 
the battery 84. The active range selection feature is provided 
by gain adjustment potentiometers and Switch contacts in the 
feedback path of the amplifier U2. 
0041. The conductive coating 94 of the probes 20 and 22, 
the ground of the meter circuit, and the cable shield form a 
common ground which ensures a stable ground for the entire 
system. 
0042. The schematic diagram of FIG. 4 illustrates repre 
sentative values for the resistors and capacitors. These values 
are for one example of a circuit. As is apparent, the precise 
values could be varied from those shown herein. 
0043. Thus, there is provided a high voltage phasing volt 
meter providing accuracy in measurement and safety of 
operation. 

1. A high Voltage phasing Voltmeter comprising: 
first and second probes, each comprising an insulated 

handheld shield Supporting an electrode for contacting a 
high Voltage electrical conductor, the electrode being 
connected in series with a resistor and a capacitor, and 

a meter comprising a housing enclosing an electrical cir 
cuit for measuring phasing Voltage, the electrical circuit 
comprising an input circuit for connection to the first and 
second probes and an amplifier connected between the 
input circuit and a display, the amplifier measuring Volt 
age across the electrodes to provide an indication on the 
display. 

2. The high Voltage phasing Voltmeter of claim 1 wherein 
each shield comprises an elongate tube and wherein an inner 
Surface of each tube included a conductive coating. 

3. The high voltage phasing voltmeter of claim 2 wherein 
the conductive coating is electrically connected to a meter 
ground circuit. 

4. The high Voltage phasing Voltmeter of claim 1 wherein 
the housing is integral with the handheld shield for one of the 
probes. 

5. The high voltage phasing voltmeter of claim 4 further 
comprising a cable electrically connected between the elec 
trical circuit and the other of the probes. 
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6. The high voltage phasing voltmeter of claim 1 wherein 
the amplifier comprises a common mode rejection differen 
tial input amplifier. 

7. The high voltage phasing voltmeter of claim 6 wherein 
the amplifier has unity gain. 

8. The high voltage phasing voltmeter of claim 1 wherein 
the electrical circuit comprises a range selection circuit 
between the amplifier and the display. 

9. The high voltage phasing voltmeter of claim 8 wherein 
the range selection circuit comprises a variable gain amplifier 
circuit. 

10. The high voltage phasing voltmeter of claim 1 wherein 
the electrical circuit comprises a battery powered circuit. 

11. A high Voltage portable phasing Voltmeter comprising: 
a first probe comprising an elongate insulated shield having 

a handle portion at one end, an electrode extending from 
a distal end of the shield for contacting a high Voltage 
electrical conductor, and a high impedance circuit in the 
shield comprising a resistorand a capacitor connected in 
series with the electrode: 

a second probe comprising an elongate insulated shield 
having a handle portion at one end, an electrode extend 
ing from a distal end of the shield for contacting a high 
Voltage electrical conductor, and a high impedance cir 
cuit in the shield comprising a resistor and a capacitor 
connected in series with the electrode; and 

a meter comprising a housing enclosing an electrical cir 
cuit for measuring phasing Voltage, the electrical circuit 
comprising an input circuit, for connection to the first 
and second probe high impedance circuits, and an ampli 
fier connected between the input circuit and a display, 
the amplifier measuring Voltage across the electrodes to 
provide an indication on the display. 

12. The high voltage phasing voltmeter of claim 11 
wherein each shield comprises an elongate tube and wherein 
an inner Surface of each tube included a conductive coating. 

13. The high voltage phasing voltmeter of claim 12 
wherein the conductive coating is electrically connected to a 
meter ground circuit. 

14. The high voltage phasing voltmeter of claim 11 
wherein the housing is integral with the handle portion of the 
first probe. 

15. The high voltage phasing voltmeter of claim 14 further 
comprising a cable electrically connected between the elec 
trical circuit and the second probe. 

16. The high voltage phasing voltmeter of claim 11 
wherein the amplifier comprises an amplifier with high com 
mon mode rejection ratio. 

17. The high voltage phasing voltmeter of claim 16 
wherein the amplifier has unity gain. 

18. The high voltage phasing voltmeter of claim 11 
wherein the electrical circuit comprises a range selection 
circuit between the amplifier and the display. 

19. The high voltage phasing voltmeter of claim 18 
wherein the range selection circuit comprises a variable gain 
amplifier circuit. 

20. The high voltage phasing voltmeter of claim 11 
wherein the electrical circuit comprises a battery powered 
circuit. 


